The primary result of this work is an extension of this limit formula for solutions to 1. Our motivation for this work is a mathematical modelling problem associated with waste disposal. The ultimate purpose of proper waste disposal is to discard unwanted materials in a manner which protects the public health and the environment from unwanted harm. One potential for harm from disposed waste lies in the migration of harmful constituents in the waste to the environment via water. This simple statement, when applied to the migration of a contaminant through and out of a monolithic form, gives rise to an interesting problem about the extreme short term leaching rates in a transport process de ned solely by di usion.
Consider a contaminated monolithic form, in particular a solid cylindrical shape of concrete embedded during mixing with a mobile species such as radioactive cesium, the leachate. Allowed to dry and cure, the cylinder is immersed in water, and the cesium leaches out in a manner that over the long term is consistent with a normal di usion process with constant initial concentration and di usion coe cient. Long term here is months and years. Our principle goal is to determine long-term behavior of the Cumulative F raction Leached CFL with extreme short-term leach data; extreme short-term" means days. We assume a given geometric structure of the waste form and the knowledge of an e ective long-term di usion coe cient for the leachate. However, for particular measured data, it became impossible to accurately model the leach rate over the extreme short term and long term combined.
Two explanations were plausible: The pure" di usion model mechanism for the leaching process was incorrect. Perhaps some other transport mechanism is at work. Alternatively, the constancy of the di usion coe cient throughout the body or the constancy of the initial concentration, or both were in error. We address the alternative possibility. Indeed we h ypothesize the following: a. In a very thin boundary layer, about the thickness of the concrete back ll material, i.e. sand it is supposed that the di usion coe cient is somewhat higher than that interior to the specimen. b. The initial concentration of the radionuclide is greater in this boundary layer than in the interior where it is constant. The physical reason for the rst of these assumptions is that in the thin boundary layer the cement has less back ll material which is a total retardant to di usion, making the e ective di usion higher there. The physical reasoning for the second assumption is more speculative. It is proposed that while the cement sets there is some rapid mobility of the species toward the boundary resulting in a higher concentration there. At this time magnetic resonance imaging equipment a v ailable to the authors cannot achieve the resolution necessary to con rm this assumption. As a point o f i n terest, both assumptions, together with a thickness assumption for the boundary layer are needed to match the extreme short and long term shape of the Nomine 9 leach data.
Our model for the leaching process is based on a one dimensional di usion equation of the form 1, on a general interval 0; a ; with the above assumptions built into px and u 0 x. To compare results obtained with actual data the one dimensional data must be corrected by the surface volume S V ratio. With this done, and with the Assumptions a and b in e ect, we obtain extremely accurate approximations to the data in Nomine 8 both in the short term and long. Study of the extreme short term leaching behavior requires very small time steps and this necessarily results in long computer runs to obtain accurate results cf. Allen and Pitt 1 . Naturally, i t w ould be more desirable to determine the leach rates theoretically, and that is the intent of this paper. Denote by ux; t the concentration of the leachant at position x and at time t: The total leachant remaining in the one dimensional specimen at time t is given by should exist. Indeed, out main result yields a precise value for this limit. By way of background, the total migration of waste from the storage facility t o the groundwater supply is an enormously complex process that has been studied for at least twenty-ve y ears and is still a hot topic today. It involves several independent and or coupled processes, each of which is complex itself. Among these are water penetration into the facility Ahn and Suzuki 2 , leaching from the waste form Ahn and Suzuki 2 , deterioration of the container and deterioration of the solid phase Matsuzuru and Suzuki 7 , migration through the back ll materials Ahn and Suzuki 2 , structural integrity of the facility, and migration external to the facility to the groundwater supply Lever, et al, 6 . We h a v e determined two factors via the boundary layer hypothesis that are signi cant for nding a mathematical model that gives good approximations to actual data. These same factors have not been considered by other investigators Godbee 5 ; Matsuzuru and Ito 8 . Rather, these authors have concentrated on general theoretical solutions usually of series type of the di usion equation based on a constant e ective di usion coe cient together with an empirical mathematical model which is then tuned" to obtain good agreement with experimental results Spence and Godbee, et al, 13 . The benchmark data with which we have compared our numerical results is the CEN-Saclay Long-Term Leach Data for the very mobile species cesium Nomine, et al 9 . Various sized cylinders were used. All indicated very low long-term leach rates of 10 ,11 to 10 ,12 cm 2 sec. Unfortunately, these low leach rates were not observed until 30 to 60 days into the experiments and persisted for more than 700 days, would not have been so measured in standard short-term leach tests, such as ANSI 16.1 ANSI ANS 16.1, 1986. Therefore, if we denote a n = u 0 0 n , u 0 0 0 n 0 0 n , 0 n 0 
